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- EFFECT OF NOSE SHAPE
ON TEE CHARACTERISTICS OF SYMUETRICAL AIRFOILS

By Robert M. Pinkerton
Summary

Tests of nine symmetrical airfoils, having different
leading-edge radii, were made in the variable density wind
tunnel. Threc symmetrical N.A.C.A. airfoils having maxi-
mur thickness-to-chord ratios of 0.06, 0,12, and 0.18 were
used as basic (or normal) sections; and for each of these
thicknesses one thinner and one blunter nose section were
developed. The thin-nosed sections gave lower minimum
drogs and lower maximum lifts than the normal sections.
The blunt-nosed sections gave higher minimum drags and
higher maximum 1ifts than the normal sections except for
the thickest secticn which showed a lower maximum 1ift.
The rate of increase of drag with 1ift is greater for the
thin-nosed sections. TFinally, although the slope of the
1lift curve varies with thickness, these tests show that
for any given thickness the slope is independent of nose
radius.

Introduction

A comprehensive investigation of the relation between
the geometric and aerodynamic characteristics of airfoils
at a high valuve of the Reynolds HWumber is in progress in
the variable density wind tunnel of the National Advisory
Committee for Aeronautics. (Reference 1.) The principal
variables are those of thickness and camber, dut it was
thought advisable to include also a study of the effect of
changes 1in nose redius.

This report presents the results of tests of nine sym-
metrical airfoils having different lesading-edge radii.
Three of the symmetrical W.A.C.A. airfolls, designated
N.A.C.A. 0006, ¥.A.C.4A., 0012, and N.A,C.,A. 0018, having
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meximun thickness-fé-chord ratios of 0.06, 0,12, and 0.18, o
rospectively, were chosen as the basic (or normal sec- i
tions), and for each of these one thinaor and one blunter
nose section were developed and tested. The derivation

of each mecdified section was accomplished by a systematic
change in the equation thst defines the normal section.

This change is principally a change in ncse radiuws, but it
2lgo results in modifications to the profile throughout _
i1ts length, except at the maximum ordinate and at the :
trailing edge. R

Degcription of Airfoils

The method of deriving the normal gsections 1s dis-~
cussed in reference 1. In Dbrief, they are defined by an
equation of the forn ' S - :

2+ ayx® + a.x* : (1)

¥ = agV/x + a,x + ayx

from which it is found that the nose radius is given by
a2 TR TN
rom 2 - : (2)

)
~

The conditions used to evaluate the above constants are as
follows:

Haxinum ordinate: x = 0,3 y = 0.1
&y = ¢ _
dx
Trailing-edge thickness: x =1 y = 0.002 =
Trailing-edge angle: x =1 %% = -0.234 B
Nose shape: x = 0.1 y = 0.078 —

¥rom the resulting equation - f | - = o o=
7 = 0.2969 VX - 0.1260x ~ 0.3516x° + 0.2843x° - 0.1015x"

the ordinates have teen calculated and are given in Table
II
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. .The thin-nosed sections are derived in a similar man-
ner -and are denoted dy.ths suffik .%..- The constants are’
determined for the same conditiocns as-above except for the
nose-shape condition, which is . ; : :

where rp is the nose radiuws of the thin-nosed section.
By means of eguation.(2)"

B0y = 1/2 a, = 0.1484

‘where 20n "is the value of a, for the thin-nosed sec-

tion,'énd finally
%
yp = 0.1484 /X + 0.3493x - 1.2890x" + 1.2520z° - 0.4588%

Ordinates calculated from this egquation are given in Table
Il

The blunt-nosed sections, similarly derived, are de-
noted by the suffix PB. For this group

rg = 3 r

hence

2o, = Jﬁ“aolf 0.5144

and

' : : 4
yp = 0.5144 J/x - 0.8180x + 1.0140% - 1.1328x5° + 0.4245x
Table I cohtains_ordinates calculated from this equation.

- The ordinates for the sections used in this investi-
gatlon were obtained by multiplying the ordinates given in
Table I by the factor aiga where t 4is the desired wval-

ue of the maximum thickness-to-chord ratio. When the
thick profiles of the blunt-nosed sseries were plotted, the
nose appeared so extremely blunt that it seemed desirable
to reducge. the nose radii of the 0012B and 0018B.. This re-
ductien was accomplished graphically end the results are.
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given in Table II. Because »f this arbitrary reduction of
ngse radil it was found necegsary to msdify the calculated
ordinates of-the NO183B at the giations x = 1.25 per coit
aznd 2.50 pser ceant of the chord.

Because each of these nmedifiecd sections was defined
W an equation to produce feirness, somne differences, of
course, have appeared throughout the profile as a result
¥ the ckange in nose radius. These differences (fig. 1)
are snall, Lwowever, as compared to the differences at the
nogc; hence the nose radius is considered as the inde-
wendeat variable. .

Te models were made of duralumin and have a chord of

5 inclies and a span of 30 iaches. The method of construc-
ticn is described in reference 1. ' ’

Tests and Results

Dontine meastvrements of 1ift, moment, and drag were
made ir the variable density wind tuvunel at a tank pressure

of about 20 atmospheres. The Reyrnolds Number of the ftests

is about 3,000,000. A detuiled description of the tunnel
and the test procedure is given in reference 1.

The results of these tests are presented in the form
of coefficients corrected, after the method of reference 2,
to give iafinitw aspect ratio characteristics. Values of
the 1lift coefficient Cy,» angle of attack for infinite

aspect ratio qg, profile drag coefficient CDo’ and
moment coefficient Cmc/ are given in Tables III- to XI.
<

Figures 2 to 4 present the usual lift-curve plots and Fig-
ure 5 shows the variation of maximum 1lift coefficient and
minimum profile drag coefficient with nose radius. Plots
of moment coefficient against 1ift coefficient are given
in Figure 6. Profile drag curve plots are givexa in Fig-
uwres 7 to 9.

Discussion

Changes in the 1ift characteristics accompanying
changes in the nose radius may be observed in Figures 2 to
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5. Althougr the slope of the 1ift curve varies witl: thicl-
ness, Figures 2 to & show that for any given thickness tl:ze
slope is independent of nose radius.: Tahe dotted portioas
of some of the curves indicate an unstable condition which
in some instances amcunis to a sharp discontinulty in the
1ift forces as. shown by a sudden drop- of the 1lift balaence
beam. These tests show that %he discontinuities disappear
in the thin-nosed sections. " As shown by Figure 5, the
maximum 1ift decreases .in every instance when the nose ra-
dius of the normal section 1s decreased and increases, for
the 0005 amd 0012, when the noso radius of the normal sec-
tion is incroased. Increasing tlie nosc radius of the nor-
mal 0018 resulitcd in a docreased maximum 1ift.

The variatioh of pitching moment with 1ift is shown
in Figure 6. Increasing the nose radius leads to an in-
crease of tae slope of the curve of Gmc/ against O

%

tliat is, the position of the center of pressure is farther
‘forward for the blunter section. The position of the cen-
ter of pressure at O = 0.4 for the 00183, which shows

the greatest éldpe, is 22% per'ceut of the chord behind
the leading edge. In passing, it must bPs noted that the
0006T and 00NSE mcment date are obviously in error since
a symmetrical section can have no moment at zero 1ift. Wo
explanation could be found for this apparent shift of tke
pitching moment, although the models were checked for sym-
metry. However, this shift is small and would not be ex-
pected to affect the other neasurcments.

The effesct of nose shave on the variation of profile
drag with 1ift. is shown in Figures 7 to 9. Increasing or
decreasing the nose radius for the thkick sectiomns (0012
and 0018) has very little effect on this variation (figs.

8 and 9), while for the thin sections (fig. 7) increasing
or decreasing the nose radius leads to a marked increase
or decrease, respectively, of the range of 1ift where tle
.'prefile drag is approximately constant. It may be ob-
servod that the 0006T and 0006 have about the sane Cq, nax’

but the rate of increcase of drag with 1ift is greater for

the thin-nosed gection. This observation is in accoerdance
with the results of reference 3, which show that the drag

of the sharp-nosed airfoil (C-52) is less tlien the drag of
the same airfoil with rounded nose (¥-46) for oaly a snall
range of angle of attack. As shown by Figure 5, the mini-
mum drag decreases with decreased nose radius, the thicker
sectiong showing the greatsr effect. )
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Conclusions

1. The thin-nosed sections gave lower ninimum drags,
but also lower maximum lifts, than the normal sections.

2. The plunt-nosed sections gave higher ninimum drags,
bnt also higher maximum 1ifts, than the normal sections ex-
cept for the thickest section (OOl&B) which showed a lower
maximun r1ift. ) :

3. The rate of incresse of drag with 1lift is greater
for the thian-nosed sections.

4. Although the slope of the 1ift curve varies with
thickness, these tests show that for any given thickness
the slope 1s independent of ncse radius.

Langley Memorial Aeronautical Laboratoryr,
Wational Advisory Committee for Aeronautics,
Langley Field, Va., July 21, 1931l.
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Stﬁz}on Ordinates in per cent chord
per cent chord T series Normal B-geries
0 + 0 + 0 + 0
1.25 2.08 3.16 4,74
2.5 3.14 4,35 6.15
5.0 4,78 5.92 7.65
7.5 6.01 7.00 8.4%7
10 7.02 7.80 8.97
15 8.49 8.91 9.57
20 9.40 9.56 9.886
30 10.C0 10.00 10.00 .
40 9.58 9.35% 9.88
50 8.52 8.82 9.31
60 7.15 7.61 8,30
70 5,585 6.11 6.79
80 4,05 4,37 4,85
20 2.28 241 2.58
25 1.30 1.34 1.38
1C0O .20 .21 .20
TABLE II

¥ose Radii in Per Csnt Chord
Section T-series Wormal B-gseries
0008 » 10 .39 1.19
QCc1z2 .40 1.58 3.80
Q018 .89 2.55 7.15
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TABLE III

Airfoil: ¥W.A.C.A. Q00S5T

Average Reynolds Humber: 3,180,000.

Size of model: § X 30 inches.

Pressure, standard atmospheres: 20.8.
Test fo.: bE4, Variable Density Tunnel.
Date: April 8, 1931.

L Qo Cp Cn_,
(degrees) ° e/«
~0.811 ~-11.3 0.16865 C.071
-.792 ~- 9.6 L1211 .040
- . D77 ~ 6.2 .0407 -.002
-.298 - 3.1 0099 .002
.005 O .0086¢ .005
<131 1.8 .007¢ 007
«oLl 3.0 L0123 .008
. 5387 3.1 .05CG .009
. 793 9.5 .1L3ED ~-.041
.345 11.3 .1815 -.073
. 854 13.3 2229 -.100
.839 15.3 .2587 ~.11l6
. 830 17 .4 .2923 -.128
.323 21l.4 5642 -.13D
.81¢ 27 .4 L&7T70 -.145
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TABLE IV

Ajirfoil: ¥W.A.C.A. 0006

Average Reynolds Tumbver: 3,120,000.
Size of model: 5 X 30 inches.
Pressure, standard atmosphares:
Test MMo.: 555,

20.3.
Variable Density Tunnel.

Date: April 8, 1831.

Cy, Qo Cp Cin
(degrees) © o/«
-0.847 -11.3 0.1582 0.055
~.786 - 9.5 1324 .020
-.61LZ - 5.0 .0129 -.005
-.311 - 3.0 .Q078 -.003
.004 0 .0070 .000
.15%7 1.5 L0077 .002
. 315 2.0 .0084 003
. 620 5.0 0135 004
794 9.5 .1195 -.025
948 11.3 .1645 -.05%
. 367 13.2 81258 -.090
.857 15.3 .5028 -.,110
.835 17.3 2877 ~-.125
.823 21l.4 .3588 ~.135
.819 27 .4 L4695 -.145
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* TABLE V
Airfoil: ©¥NW.A.C.A. 00063

Average Reynolds Number: 3,090,000.

Size of model: 5 X 30 inches.

Pressure, standard atmospheres: 20.8.
TYest Nc.: ©0BB. Varisbie Density Tunnel.
Date: April 8, 1931,

C Qg C C
. (degrees) %o fe/ <
-0.926 -9.,1 0.013¢9 0.002
-.5821 -6.0 .0089 -.002
~-.306 -3.0 .0C81L .D00
-.001 0] .0076 .006
157 1.5 .0080 0086
312 3.0 .0085 .008
825 6.0 0101 .010
934 9.0 .0143 .0C9
1.080 10.6 0360 0032
1.049 12.7 L1221 -.038
. 988 15.9 .5661 -.100
.870 2L.2 .3006 -.125
.823 27 .4 . 4603 -.139

i0
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TABLE VI
Airfeil: NW.A.C.A. £012T

Average Reynolds Fumber: 3,120,000.

Size of model: 5 X 30 inches.
Pressure, standard atmospheres: 20.5.
Test No.: 548. Variable Density Tunnel.

Date: April 3, 1931.

1 %o Cp, One/,
(degrees)

-0.893 ~-9.2 0.014% 0.002
-.599 -8.1 .0112 -.001
-.298 -3.1 .0091 -.001

.007 0 .0082 . 002
.159 1.5 .0085 .002
304 3.0 .00%2 .003
.609 5.1 .0114 .003
.901 9.1 D185 .000
1.023 10.7 0234 .000
1.030 12.7 .0812 -.020C
.884 17.2 2566 ~-.086
.784 21.5 . 3522 -,113
743 27.6 LAB27 -.123
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TABLE VII
Airfoil: HW.A.C.A. 0C12
Average Reynolds Fumbder: 3,230,0CC.
Size of model: &5 X 37 inches.
Pressurs, standard atmospheres: 20.4.
Test No.: 562. Variable Density Tunnel.
Date: April 13, 1931.
1
Oy, o Cp, i Ongy,
(degrees)

-1.18%7 -12.2 0.0194 -0.002
-.904 -9.1 .0137 -.003
-.604 -5,1 .01Cc8 -.005

‘T -.29¢ -3.0 .00%0 -.002

.003 0 .0c8g -.001
.155 1.5 .0080 .001
.310 3.0 .0096 .0c2
810 3.1 L0111 .Q0E8
. 212 9.1 .0141 .011
1.195 12.2 .0307 .008
1.325 13.8 .Q252 .003
1.413 15.2 .0337 .GC3
1.160 18.9 .1562 -.0b4
. 990 20.9 2811 -.096
.8064 27.3 . 4285 -.128

12
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TABLE VIII
Airfoil: N.4&.C.A. 001223

Average Revynolds Number: 3,080,000.

Size of model: B X 30 inches.

Pressure, standard atmosphsres: 20.3.
Test Hec.: 550. Variable Density Tumnnel.
Date: April 4, 1951.

1 T Cp, On /s
(degress)

-0.922 -9.1 0.0134 -0.009
-.613 -6.0 .0110 -.006
-.308 -3.0 ,0099 ~-.005
-.006 e} .0095 .001

.151 i1.5. 0097 .000
. 3C1 3.0 .0100 006
. 505 5.1 L0113 .010
. 904 3.1 0137 .008
1.198 12.2 .NL85 .007
1l.462 15.3 .0282 .006
1.502 156.0 - -
1.185 17.7 .1598 -.043
1.018 20.8 .2468 -.080
. 902 27.1 L4764 -.114
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TABLE IX
Airfoil: W.A.C.A. 0018T

Average Reynolds Yumber: 3,150,000.

Size of model: 5 X 30 inches.

Pressure, standard atmospheres: 20.6.
Test Ho.: BHH52, Variable Density Tunnel.
Date: Apridt 7, 1931.

CL Go GDO Cmc/4
(degrees)

-1.1564 -12.3 0.0240 -0.002
~.895 -9.2 .0164 -.003

. =605 ~-6.1 0129 -.003
- .30%7 =3.0 .0108 -.002
-.006 0 .0102 .001
. 147 1.5 .0106 .001
.298 3.1 L0112 .002

. 537 6.1 .0130 .035
.385 9.2 .0180 .005
1.159 12.7% .0226 .003
1.281 13.9 .0283 001
1.289 15.9 .0091 -.018
1.192 20.2 .1891 -.061
. 951 27.0 .4067 -,117

14
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Airfoil: THW,A.C.A. 0018

Average Esynolds Number: 3,14C,000.

Size of model: O X 30 inches.
Pressure, standard atmospheres: 20.3.
Zest Wo.: BB53. Variable Density Tunnel.

Date: April 7, 1921,

vy, - Q'.o CDQ Cr‘_:lc/‘.=
{degrees)

-0.896 -9.2 0.0158 -0.011
-.303 -5.1 .01Z20 -.011
-.305 -3.0 .011¢z -.008
-.008 0 .0110 -.002

.lag 1.5 .010¢ .002
.294 3.1 L0115 .005
.530 | 6.1 ! .01Z0 .009
.381 9.2 .0156 .007
1.130 12.3 .0205 .00¢
1.404 15.5 .0322 .012
1.429 15.5 - -
1.309 17.8 L1107 -.018
1.251 20.0 L1735 -.056
1.023 24.7 .3022 -.082
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TABLE X1
Airfoil: ¥N.A.C.A. 00183
Average Eeynolds Fumber: 3,180,000C.

Size of model: 5 X 30 inches.
Pressure, standard atmospheres: 20.3.

Test o.: B51. Variatvle Density Tunnsel.

Date: April 6, 1921.

—

C-L -'I.o GDQ § cmc/4
(degrecs)

-0.885 -9.2 0.0174 -0.014
~ D94t -6.1 .0145 -1
~.298¢ -3.0 .0126 i -0006
~.003 0 0122 .001

.147 1.5 0123 004
.293 3.1 0129 LQ07%
.589 6.1 L1443 AL3
377 9.2 .01358 016G
1.148 12.4 0227 L0022
1.374 15.5 . 0357 024
1.4352 15.3 0401 026
1.136 17.6 . 1459 -,025
1.050 20.6 221l -.03%7
.820 27 .4 L2711 ~.080

16
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